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Abstract. The isolation of fungal symbionts from mycorrhizae of individual slash pines 
is described. Root material was taken from 30, 4-year-old wildlings growing in openings 
within a 20-year-old plantation of the same species located in the Upper Coastal Plain 
region of Georgia. Solutions of both NaClO and HgCl. were employed for surface sterili- 
zation; 100 ppm HgCl» for 4 minutes gave best results. A total of 1600 mycorrhizae 
were plated on nutrient agar. Of these, 213, or 13.3 percent, yielded pure cultures of 
fungal symbionts. Three different fungi were isolated from 1 mycorrhiza and 2 from each 
of 7 other mycorrhizae. The 222 separate isolates included 4 of Cenococcum graniforme 
(Sow.) Ferd. and Winge and 218 basidiomycetous isolates. The latter were arbitrarily 
divided into 22 different species groups based on cultural characteristics. More than 1 
fungal symbiont was found associated with the roots of most trees. Roots of one tree 


yielded 7 different mycorrhizal fungi. 


Recentiy, Zak and Bryan (1963) re- 
ported the isolation of fungal symbionts 
directly from mycorrhizae of shortleaf pine 
(Pinus echinata Mill.), loblolly pine (P. 
taeda L.), slash pine (P. elliottii Engelm. 
var. elliottii), and longleaf pine (P. 
palustris Mill.). The present paper des- 
cribes results of isolations made from 
mycorrhizae of individual slash pines 
growing in the Upper Coastal Plain region 
of south Georgia. 

Although much information on forest 
tree mycorrhizae has been assembled dur- 
ing the past several decades, little is yet 
known of this interesting symbiotic phe- 
nomenon under natural conditions. Many 
fungus-root associations, based on Melin’s 
(1921) pure culture technique, have been 
conclusively demonstrated by several 
workers but their occurrence and signifi- 
cance in nature is not clear. The ecological 
status of fungi actually symbiotic with 
roots of trees in the forest and nursery is 
poorly understood. A notable exception is 
the non-specific and widely distributed 
mycorrhizal fungus, Cenococcum grani- 
forme (Sow.) Ferd. and Winge, as shown 
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by studies of Mikola (1948), Trappe 
(1962), and others. Mycorrhizae produced 
in association with this symbiont are 
easily recognized by their jet-black color 
and by the black, bristle-like hyphae radi- 
ating from their surface. 

Pure culture tests have demonstrated 
that many different fungi are capable of 
producing mycorrhizae with roots of a 
single tree species. In nature, therefore, 
we should expect to find more than one 
fungus associated with mycorrhizae of a 
single tree. This was first shown by Melin 
(1923), who isolated 2 different fungi from 
adjacent mycorrhizae borne on the same 
root of Scotch pine (Pinus sylvestris L.). 
And, recently, Zak and Bryan (1963) iso- 
lated Cenococcum graniforme and an un- 
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TABLE 1. Isolations from slash pine mycorrhizae—results of 3 samplings. 


Mycorrhizae plated 


Sampling 1 
March 13, 1962 
1 pet. NaClO/10 min. 
60 mycorrhizae/tree 


Sampling 2 
April 2, 1962 
100 ppm HgCl2/3 min. 
50 mycorrhizae/tree 


Sampling 3 
April 24, 1962 
100 ppm HgC],/4 min. 
50 mycorrhizae/tree 


Tree Yielding Yielding Yielding Yielding Yielding Yielding 
No. Sterile contaminants symbionts Sterile contaminants symbionts Sterile contaminants symbionts 
% % No. % % % No. % % % No. % 

1 58 40 L 2 10 90 0 0 44 12 22 44 

2 27 63 6 10 2 82 8 16 30 6 32 64 

3 25 68 4 7 22 62 8 16 44 24 16 32 

A 40 57 2 % 42 46 6 12 34 46 10 20 

5 63 33 2 3 64 36 0 0 68 8 12 24 

6 45 55 0 0 18 70 6 12 66 22 6 12 

7 28 70 i 2 56 34 5 49 80 14 3 6 

8 63 37 0 0 18 64 9 18 34 64 t 2 

9 50 50 0 0 28 58 7 14 60 20 10 20 

10 32 68 0 0 16 44 20 40 38 30 16 32 

Totals _- se iG i zi nE 69 __ = oe 128)... 
Ave. 43.2 54.2 — 2.7 27.6 58.6 — 13.8 49.8 24.6 — 25.6 


identified basidiomycete from two mycor- 
rhizae along a 1 cm length of slash pine 
rootlet. 


Materials and Methods 


Root material was collected from 30, 
4-year-old, wildling slash pines growing 
within a 20-year-old, 30-acre plantation 
of the same species near Cochran, Georgia. 
Three separate collections from 10 trees 
each were made during March-April, 
1962. The seedlings occupied openings in 
the stand where trees had been killed by 
Fomes annosus Fr. Topography of the 
area is level and the soil is a uniform 
Upper Coastal Plain coarse sand. 

Root pieces 10 to 15 cm in length and 
1 to 3 mm in diameter were first 
thoroughly washed under a cold water 
tap. With the aid of a magnifier-lamp, 2 
to 3 cm lengths bearing suitable mycor- 
rhizae were severed for further treatment. 

About 15 selected root pieces were next 
placed in a 2 x 4 cm, screw-cap, poly- 
ethylene vial with perforated wall and 


top. The capped vial was immersed in 100 
ml of detergent solution! in a 200 ml jar 
and vigorously shaken for 3 minutes fol- 
lowed by a thorough water rinsing. It was 
then placed in 100 ml of sterilant solution 
and shaken for 3 or 4 minutes. 

Root material of the first sampling was 
surface sterilized in a l-percent solution 
of sodium hypochlorite (20-percent so- 
lution of commercial Clorox) for 10 min- 
utes. Roots of samplings 2 and 3 were 
treated with a 100 ppm solution of mer- 
curic chloride for 3 and 4 minutes, re- 
spectively. At the end of the prescribed 
time the vial was removed from the jar 
with flamed forceps, the cap removed, 
and 2 liters of sterile tap water slowly 
poured through the contents. The steri- 
lized root pieces were transferred to a 
sterile Petri dish. 

Platings of mycorrhizae on agar medium 
were made in an air-filtered transfer room. 
One or two root pieces were placed in a 


1 Two or three drops of Ivory Liquid Deter- 
gent (Proctor & Gamble Co.) in water. 
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Ficure 1. Different mycorrhizae observed on roots of slash pine (X 5). A and B. White coralloid forms. 
C. Light brown coralloid form with peculiar banding on elements. D. Bifurcate mycorrhiza—sheath, 
mycelium and rhizomorphs are pink-lavender. E. Two different mycorrhizae on same rootlet. One is black 
mycorrhiza formed by Cenococcum graniforme; other is bifurcate, white form growing from former. F. 
Light brown bifurcate mycorrhiza. 
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Figure 2. More than 1 fungal symbiont growing from individual slash pine mycorrhizae. A. Two fungi 
emerging from mycorrhiza plated on Hagem medium (X 15). One (a) is a Basidiomycete the other (b) lacks 
clamp connections but produced mycorrhizae with roots of slash pine in pure culture. B. Diagrammatic 
sketch of black mycorrhiza showing outgrowth of 3 different fungi (X 20). One (a) is Cenococcum grani- 
forme; other two (6 and c) are different Basidiomycetes. 


sterile Petri dish and the mycorrhizae 
quickly severed with a needle scalpel. 
They were planted individually on the 
slanted surface of Hagem medium 
(Modess 1941) with 80 ppm streptomycin 
sulfate in 13 x 100 mm culture tubes. 
Sixty mycorrhizae were plated per seed- 
ling in sampling 1 and 50 per seedling in 
both samplings 2 and 3 for total of 1600 
mycorrhizae. 


Results 


Roots of 24 of the 30 slash pines sampled 
yielded pure cultures of fungi believed to 
be mycorrhizal symbionts (Table 1). Suc- 
cessful isolations were made from 213, or 
13.3 percent, of the 1690 mycorrhizae 
plated. Isolation success fo: samplings 1, 
2, and 3 was 2.7, 13.8, and 25.6 percent, 
respectively. Yields from individual trees 
ranged from zero to 64 percent. 

A total of 222 isolates were retained. 
Two hundred and four of these were 
Basidiomycetes as evidenced by abundant 
clamp connections on their hyphae. Four 


isolates were Cenococcum graniforme (Figs. 
3 and 4). Eighteen isolates, resembling 
Basidiomycetes but lacking clamp connec- 
tions, were tested using Melin’s (1921) 
pure culture technique. Fourteen of these 
produced mycorrhizae with roots of slash 
pine seedlings. 

All isolates were grown on Hagem 
medium in Petri dishes for 10 days at 
20°C. in the dark and classified into 22 
arbitrary species groups, designated A to 
V, based on cultural characteristics. These 
were compared with C. graniforme and 
with over 30 stock cultures obtained from 
Hymenomycetes collected in the South- 
east. One species group, designated L, 
was recognized as C. graniforme; the re- 
maining groups were unnamed. Groups I, 
K, M, and R resembled Hymenomycetes 
but lacked clamp connections. All other 
fungi bore well-defined and abundant 
clamp connections on their hyphae. 

Distribution and frequency of isolation 
of mycorrhizal fungi from roots of indi- 
vidual slash pines are shown in Table 2. 
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More than one fungal symbiont was found 
associated with the roots of most trees; 
seven different fungi were isolated from 
the mycorrhizae of one seedling. Species 
groups A, B, C, D, and FE were dominant. 
Black mycorrhizae (Fig. 1, E), colo- 
nized by C. grantforme, were observed on 
roots of all trees. About 70 percent of the 
mycorrhizae of seedling + and 40 percent 
of those of seedling 8, both in sampling 2, 
were of this type. Only 5 percent of the 
mycorrhizae of other trees were black. 
At least 6 other morphological forms 
(Fig. 1, A-F) of mycorrhizae were ob- 
served. A white, bifurcate type (Fig. 1, 
E) was commonly found in close proxim- 
ity to black mycorrhizae; some, in fact, 
developed directly from this latter mycor- 
rhiza. Another form (Fig. 1, D) was 
cloaked in a pale lavender sheath and 
surrounded by mycelium and rhizomorphs 
of the same color. A brown, coralloid 


mycorrhiza (Fig. 1, C) bore peculiar band- 
ing along its elements. 

More than one fungal symbiont was 
isolated from each of eight mycorrhizae. 
Species R was isolated from seven of 
these, five of which also yielded species 
C, one species F, and one species S (Fig. 2, 
A). A black, bifurcate mycorrhiza (Fig. 2, 
B) contained C. graniforme and two differ- 
ent Basidiomycetes, species C and Q. 


Discussion 


Differences in results between the 3 
samplings are attributed to differences in 
sterilization schedules rather than to state 
of soil and physiological condition of 
mycorrhizae at time of collection. Actu- 
ally, soil moisture was more favorable and 
mycorrhizae appeared more vigorous dur- 
ing sampling 1 and 2 than during sampling 
3. The 100 ppm HgCl./4 min. sterili- 
zation schedule used for sampling 3 gave 


Ficure 3. Six different fungi isolated from slash pine mycorrhizae and grown on Hagem medium for 40 
days at 20°C. 4, B, D, E and F. Basidiomycetes as evidenced by clamp connections on hyphae. C. Ceno- 
coccum graniforme. 
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Ficure 4. Mycelium of 4 mycorrhizal fungi isolated from slash pine roots (X 480). A. B and C. Basidio- 


mycetes—note clamp connections. D. Cenococcum graniforme. 


good results in trials apart from this 
study. One such test gave 80 percent 
success. 

Inadequate surface sterilization was 
probably responsible for poor recovery of 
Cenococcum graniforme from black mycor- 
rhizae. Most of these structures were 
quickly overgrown by contaminating 
fungi which, it is believed, survived be- 
neath flakes of tissue. 

Too severe surface sterilization may kill 
the fungal partner itself. Many mycor- 
rhizae cultured during this study re- 
mained apparently sterile although all 
contained normal hyphae as determined 
by crushing and microscopic examination. 


Either the fungal symbiont was dead or 
the medium was unsuitable for its growth. 
Ideally, for best results, several sterili- 
zation schedules should be used with each 
sampling and mycorrhizae plated on a 
variety of nutrient media. 

Although the study area was small in 
size and the site seemingly uniform, a 
Jarge variety of fungal symbionts were 
isolated from mycorrhizae of slash pine. 
Twenty-two fungi, including Cenococcum 
graniforme, are represented among the 222 
isolates obtained. Zak and Bryan (1963) 
reported similar findings in the earlier 
composite sampling of this same area. 
They isolated the fungal partner from 46 
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TABLE 2. Arbitrary species classification and frequency of isolation of fungal symbionts 


obtained from slash pine mycorrhizae 


Sampling Species and numbers of isolates? Number 
and tree a SC of 
number! ABCDEFGHIJKLMNOPQRSTUY species 
1 1 es, ws eek pe ee ea, oc ee, ett il See SS ee ee Se Se 1 
2 shah SS E Ae A eee gee tee A ee ee ae es et Se 3 
3 SS IS aS shy peas eas We Se Cae) BR SS, Ss On eet BE OS ee, Je os 2 
4 sa as QS es BA Selo hit wn eee ee He a a “Sta tek R Ie 1 
5 mie ON ain Sete teas Sa is es ee Ge ee? Se ee ees ee Se et i: ee) Re 1 
Rt Arneng bes es ten ee ea aac beeen kes Ere mes 1 
2 2 Deca DD. less, Sel eee, to es BS es ee elie ee Se Sex See ss 3 
3 L Set ae Bees ee eee As At ee ee ee ees! A 
4 dee OS OD ck eet eee eer Se eee, BP pee) cet ae cer oe 6 
0 Æ cca St anea Se eee a a es a ed SE 2 
T <a gaa oem ce0S) ce tk! eos og ce eGo tet oo ee E 3 
S. $ E-S ogan Se Gores ow es Sees See ae rach, Sa) gen Bs 3 
9 jas OR! ea. Ste, aye 2 de ae ed eee ee a ee Ce ere a ee ee ee 2 
10 S cote Dbus ae ee ee SS as ae et Gea Mee, ee Cee Se) eR Se 3 
3 1 tot WS a Sle, cee cele: cere ee ee Coes ca E Bae & J 7 
eae acy VA ae aac! ao eared Sia eel oe Ge es Salon ay Sa 3 
3 Dos Oh Se, Bisse oe es as Se es he ees i ee ee eS Se 3 
4 Ses Cas ces Diem se eawe cet tse ee ce Mee we 1 eeeks ce 5 
5 ee WD es, De a a ee eh ee ge et ee ee ee Paes oe 3 
6 Teim Sat Re) Be ies, Gt Se ee ees ey Sy SS, ee eee en ie se ee 1 
$? “supe Dieses od Wan cae i oe Ree Ye ee ee Se Set a 2 
Bir cesa Ney ey ao eh) oie ee ee GS, “Ga west Se aed bis eR ele ee ee Se 1 
9 len Wes Sie ee Boe se eee eer ey, care en oe ak 4 
10 RG ie eta ee oe ee ey as eh, coe SS, See Ee are eee SR RE Se es ae 1 
Totals $8 21 76 2420 1 11 § 2 Z£AQZ?AT Ss F AAA (221) 
No. trees 


isolated from 9 911 5 7 1 1 141 i 1 


1 Only trees yielding isolates are shown. 


L122 212Z 12 


? One isolate was lost prior to classification. Species L is Cenococcum graniforme. I, K, M, and R lack 
clamp connections but formed mycorrhizae with slash pine in synthetic culture; remaining species are 


Basidiomycetes with clamp connections. 


3 One isolate each of C, L, and Q were obtained from a single mycorrhiza. 
t Species R was isolated from 7 mycorrhizae, 5 of which also yielded C, one, E, and One, S. 


mycorrhizae of these trees; species in- 
cluded C. graniforme and 13 unidentified 
Basidiomycetes. It is likely that even 
more fungi than the 22 species found 
during the present study may be associ- 
ated with mycorrhizae of pine in this 
area. Some probably failed to grow on the 
medium employed. Others were not recog- 
nized nor tested and were discarded. 
Many different mycorrhizal fungi may 
be associated with roots of pine in both 
natural and planted stands. Variable sites 
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may be expected to possess a greater 
variety of fungi than uniform areas. Hom- 
ogenous soils, such as cultivated nursery 
soils, may harbor only few mycorrhizal 
fungi. This often is suggested by the 
presence of sporophores of only 1 or 2 
Hymenomycetes in nursery beds. 

An example of this was noted by Zak 
and Bryan at the Georgia Forestry Com- 
mission’s Herty nursery near Albany, 
Georgia. Abundant fruiting bodies of 
Thelephora terrestris (Ehrh.) Fr. were ob- 


served in beds of 4-month-old slash pines 
whose roots uniformly bore a single 
mycorrhizal form. This fungus has not 
previously been reported as a symbiont 
with pine roots. Rhizomorphs and my- 
celium from sporophores enveloping seed- 
ling stems were traced downward to the 
roots and directly to mycorrhizae. My- 
celium intimately connected to the mycor- 
rhiza, and mycelium traced from the 
sporophore were judged to be the same 
upon microscopic examination. Clamp 
connections were present on hyphae of 
both. One hundred and twenty mycor- 
rhizae from several seedlings were surface 
sterilized and plated on Hagem medium. 
These produced 19 pure culture isolates 
whose hyphae bore clamp connections and 
were identical to hyphae attached to 
mycorrhizae and to those from fruiting 
bodies. Although variable in rate of 
growth, all isolates produced a dense, 
cottony, cream-colored mat which 
changed unevenly to light and dark brown 
after 10-14 days. Attempts to develop 
cultures for comparison from the thin, 
watery context tissue of T. terrestris sporo- 
phores consistently failed. Spore germi- 
nation was also unsuccessful. 

Despite a relatively uniform site, seed- 
lings differed markedly in species and 
frequency of fungi associated with their 
mycorrhizae (Table 2). Most root systems 
appeared to be dominated by one or two 
symbionts. Black mycorrhizae, from 
which Cenococcum graniforme was isolated 
were particularly abundant on roots of 
two trees. It has been suggested by Mikola 
(1948) and Worley and Hacskaylo (1959) 
that C. graniforme is more drought re- 
sistant than other mycorrhizal fungi. Pos- 
sibly these two trees occupied a drier site 
than did the others. 

Melin (1923) suggested that a single 
mycorrhiza might contain more than one 
fungal symbiont but, if found, this con- 
dition would be rare. Results reported in 
this paper confirm his speculation. Two 
different fungi were isolated from each of 
several slash pine mycorrhizae and one 
mycorrhiza yielded 3 different symbionts. 


Obviously, such fungi must be compatible 
with each other to exist side by side. This 
was noted as these fungi grew out from 
the mycorrhiza into the agar medium. 
Hyphae of the two or three occupants 
grew closely intermingled, making it diffi- 
cult to separate them. They were success- 
fully isolated in pure culture only after 
many transfers by taking advantage of 
small growth differences. 

These multiple-fungus mycorrhizae 
probably were infected first by one species 
and then later by another when soil con- 
ditions changed, stimulating the one and 
suppressing the other. This is suggested in 
Figure 2, B. Although the main body of 
the mycorrhiza was occupied by Ceno- 
coccum graniforme and a Basidiomycete, 
a newly developed bud was infected by a 
second Basidiomycete. Apparently the 
first two fungi were quiescent when this 
occurred. 

The peculiar banding on elements of 
mycorrhizae shown in Figure 1, C is puzz- 
ling. Brown bands alternate regularly with 
bands of lighter color, suggesting a di- 
urnal response within the root itself which 
is evoked in color by the fungal symbiont. 
The significance of this phenomenon to 
growth of the tree, and particularly of the 
root is not known. Possibly this banding 
represents rhythmic elongation of the root 
similar to that reported by Friesner (1920) 
for roots of pea, lupine, and onion. 
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